Hydrogel which can swell rapidly and retain large volumes of water in their swollen structure have shown a significant contribution for wound healing. More recently, hydrogel synthesized by radiation polymerization and grafting have been reported which did not require any crosslinking agent. In this study, Crosslinked Poly ethylene oxide (PEO) / N, N-dimethylacrylamide (DMA) hydrogel containing chitosan for wound dressing has been prepared by gamma radiation technique. Chitosan solutions with different concentration (0.5-1.5%,10%) have been blended with 5% aqueous solution of Poly ethylene oxide, N, N-dimethylacrylamide and irradiated at the doses 5-20 kGy by gamma rays. The copolymers were characterized by Fourier transform infra-red spectroscopy and their physical chemical properties of hydrogels were evaluated in terms of gel fraction, swelling ratio, elongation at break and mechanical properties (tensile Strength). It was Ahmed et al.; AJOCS, 6(3): 1-14, 2019; Article no.AJOCS.51801 2 found that under maximum condition of incorporation 1% chitosan with irradiation dose of 10 kGy, Poly ethylene oxide -N, N-dimethylacrylamide -chitosan hydrogels with high gel fraction (80%), swelling ratio (4152%) and elongation at break (110%) were obtained.
INTRODUCTION
The hydrogel is a three-dimensional (3D) network of hydrophilic cross-linking polymers that can absorb and absorb water many times in dry volume. Due to the abundant water and their elastic properties, hydrogels are considered as excellent organic compounds. By weight, gels are mostly fluid, yet they behave like fluids due to a three-dimensional cross-linked network of liquids. It is the crosslinking within the fluid that gives a gel its structure (hardness) and contributes to the adhesive stick (tack). The network gives the material an elasticity: a solidlike property [1] . From the previous literature review it can be said that, Poly ethylene oxide (PEO) is one of the most intensely studied polymers in current materials science and biotechnology because of not only its unique behaviors in solution but also its wide applications such as drug delivery, wound healing, scaffolds for cell culture and tissue engineering [2] . On the other hand, N, Ndimethylacrylamide (DMA) is widely used in hydrogel synthesis since it is fully miscible with water and its high crosslinking ability, hence improve the mechanical properties of the gel [3] . Radiation cross-linking is widely used because it does not include the use of a crosslinker. Also, corrections can be achieved in a single step, and so it is an effective method of organic-polymer application [4, 5] , especially the end use of organic matter. After exposure to high energy sources such as UV, gamma ray, x-ray, or electron beam, polymer base is basically on the production of free radicals. Radiation action (direct or indirect) will depend on the environment of polymers such as solid solutions and solid-state polyethylene oxide (PEO) is a flexible chain biomass polymer that is a semicrystal, thermoplastic water-soluble polymer. Crosslinked PEO Hydrogel is designed by gamma radiation techniques that contain chitosan for wound dress. Chitosan solutions with different concentration (0.5-2% w/v) have been blended with 5% aqueous solution of PEO and irradiated at the doses 20-40 kGy by gamma rays. The copolymers were characterized by Fourier transform infrared spectroscopy and their physical -chemical properties of hydrogels were evaluated in terms of gel fraction, swelling ratio, elongation at break and antimicrobial activities. It has been found that 20 kGy radiation dosage includes 1% chitosan with high gel fraction (85%) of PEO-chitosan hydrogels, the proportion of the shelling (10 g/ g) and elongation at break (145%) were obtained. Thus, PEO-chitosan hydrogel showed satisfactory properties for use as a wound dressing [6] . The equilibrium swelling degree and the modulus of elasticity of pHresponsive poly (N,N-dimethyl aminoethyl methacrylate) (PDMAEMA) gels prepared for the concentrations of various primary monomer were investigated in buffer solutions and salt solutions of water. Many researchers have been conducted in PEO-based hydrogel using acrylic acid, chitosan for radiation transmission processes by radiation grafting [7] [8] [9] [10] . There is almost no research on PEO's property correction by grafting N, N-dimethylacrylamide (DMA) based on gamma radiation. DMA is a non-ionic, hydrophilic monomer, it is a homopolymer, is used in low-energy compounds of soluble and dissolved and solvents temperatures ranging from 0-100°C, [11] [12] [13] with hydrogels. DMAbased homopolymers and copolymers have many practical applications in medical and pharmaceutical cases, including molecular biology, DNA sequencing [14] , contact lenses and drug delivery [15] [16] . Also, Chitosan-based hydrogel polymeric beads have been extensively studied as micro-or nano-particulate carriers in the pharmaceutical and medical fields, where they have shown promise for drug delivery because of their controlled and sustained release properties, as well as biocompatibility with tissue and cells. The main highlight is that chitosanbased hydrogel is composed of organic compounds and hydrogel for the drugs. There is no report on PEO, DMA and Chitosan hydrogel. In the present work, we used to use Gamma Radio Degree without using external crosslinking agents, we used to display a series of PEO-DMA-based hydrogels and chitosan. Considering all these superior properties of PEO, DMA, and Chitosan an attempt could be made to develop new hydrogel with desirable properties thoroughly investigated on various features such as gel fractions, Swelling Ratio, Tensile Strength, Elongation Break [17] .
MATERIALS AND METHODS

Materials
Polyethylene oxide (PEO) was purchased from Sigma-Aldrich Co, USA. N, N-dimethylacrylamide (DMA) was obtained from Fluka, Switzerland. The dried shrimp shell was obtained from a commercial shrimp shell processor of local market. All other reagents were of analytical grade and used as obtained.
Methods
Preparation of Chitosan
Chitin was made from shrimp shell waste by a chemical process that involves demineralization, deproteinization and decolorization. Chitosan was prepared from chitin by deacetylation.
Preparation of PEO/DMA and PEO/DMA/Chitosan hydrogels (PDC hydrogels)
A 5% aqueous solution of PEO was prepared by dissolving 5 g of Poly ethylene oxide and N, Ndimethylacrylamide was added with constant concentrations (2.5 gm) in a beaker (250 ml) in 100ml distilled water. The solutions were stirred by a glass rod continuously to make a homogenous solution. Then different quantities of chitosan (0.5-2%), (10%) in 1% acetic acid solution were dissolved in the above solution at room temperature to get the final mixture, respectively. Again, this solution was stirred by a glass rod continuously to make a homogenous solution. The bubbles are generated after mixing and then the solutions left for 1h in vacuum oven for outgassing. The mixture was poured into polyethylene plastic bags (20 cm x 10 cm), sealed and then irradiated by gamma rays from 60Co source (dose rate: 5.9 kGy/h) at room temperature. The samples were irradiated at doses from 5 kGy to 25 kGy. Sampling radiation levels are irradiated from 5 to 30 kg [18] . The irradiation processes were performed in Institute of Food and Radiation Biology (IFRB), Atomic Energy Research Establishment (AERE), Savar, Dhaka, Bangladesh.
Measurement of gel fraction
The hydrogel samples were dried to constant weight (Wi), immersed in distilled water in beakers at room temperature for 24h to remove any soluble fraction or unreacted components. The gel samples were taken out from beakers, dried to constant weight (Wd) in oven at 60ºC temperature. The gel fractions of the samples were calculated according to the following equation:
Gel fraction (%) = [W d / Wi] × 100
Where W d is the weight of dried gel after extraction and Wi is the initial weight of dried gel.
Fig. 1. Schematic representation of the production of chitosan from shrimp
Measurement of swelling ratio
The dried gels (1 cm x .5 cm) were immersed in distilled water at room temperature and allowed for swelling. The swollen gels were then taken out periodically and weighed after the excess surface water was removed with a filter paper. The procedure is repeated until there was no weight increase. The swelling ratio (%) was calculated from the following equation
Where Wd is the weight of dried gel before swelling and Wt is the weight of the swollen gel at time t.
Measurement of mechanical properties (Tensile strength, Elongation break) of prepared hydrogels
Tensile strength (TS) and Elongation break of hydrogel samples (width 15 mm and thickness ~3.05 mm) were measured with a universal testing machine (Hounsfield Series S, England). The maximum load capacity was 5 N, extension range 75 mm, gauge length was 30 mm, and the crosshead speed was 10 mm/min. For each sample, a minimum of three measurements was taken, and the average result was calculated.
FTIR-ATR spectral analysis
Fourier transform infrared (FT-IR) spectra of PEO/DMA and PEO/DMA/Chitosan hydrogels were obtained by PerkinElmer Spectrum 2 FT-IR spectrometer ((L1600300 Spectrum Two LiTa, UK). The dried sample pressed against a high refractive-index prism and measured the infrared spectrum using infrared light that is totally internally reflected in the prism.
Visible spectrophotometer
Ultraviolet-visible spectroscopy or ultravioletvisible spectrophotometry (Model-1650pc, Shimadzu, Japan) refers to absorption spectroscopy or reflectance spectroscopy in the ultraviolet-visible spectral region. It uses visible and adjacent range lighting. The absorption or reflection of the visible range affects the chemical felt color directly. In this region, electromagnetic spectrum tolerates the transmission of atoms and molecules. Absorption Spectroscopy is a complement to fluorescence spectroscopy, which relates to the transition from excited state to ground position, when the absorption ground arranges the transit from the ground state to the excited state [19] .
RESULTS AND DISCUSSION
Synthesis of Hydrogels
The non-sticky solid form hydrogels were synthesized by Gamma radiation technique using PEO, DMA and Chitosan in the absence of any crosslinker. In addition, several investigations have done to optimize preparation condition of hydrogel such as dose variation, Chitosan concentration variation, gel fraction, swelling ratio and mechanical strength. Table 1 . lists the feed compositions and optimize radiation dose.
FTIR-ATR Spectroscopy
FT-IR spectrum of pure PD hydrogels are shown in Fig. 3 . For pure PEO polymer (curve 1) the characteristic bands at 3382 cm -1 , 2922 cm -1 , and 1621 cm -1 correspond to hydroxyl group, C-H stretching, and C-O-C group, respectively. For P(5)D(2.5) Chitosan(.5%) ( Fig.  4 ) the characteristic bands at 3404 cm-1, 2921cm-1, 1660 cm-1, 1461 cm-1, 1380 cm-1, 1120 cm-1 and 821 cm-1 correspond to hydroxyl group, CH2 stretching vibration of pyranose ring, C=O in amide group,NH2 in amino group, CH3 in amide group and C-O-C in glycosidic linkage, C=C group respectively. 
Table 1. Feed compositions and radiation doses for the prepared hydrogels
Morphologies of Hydrogel by SEM
The interior morphologies P(5)D(2.5) Chitosan(.5%) are shown in Fig. 5 . The hydrogel exhibited a highly porous structure. Existence of these pores and spongy surface in hydrogels strongly increases the swelling kinetics of the resulted product. In contrast, PD6 hydrogel presented a continuous and thick wall like morphology with less pore distribution. Most likely, the thick walls are responsible for the high mechanical strength of the hydrogels.
Effects of Radiation Dose
Gel fraction
Gel is an insoluble part of a cross-link polymer network and measured after removing sol part (soluble portion) in a suitable solvent. Gel fraction of the sample increase with the increase of radiation dose. As the radiation dose passing through a monomer/polymer system, the concentration of the free radicals in the monomer/polymer system increases. It is known that; the free radical is responsible for crosslinking so with the increase of radiation dose the cross-linking among polymer chains resulting in an increase in gel fraction. Fig. 6 shows the effect of radiation dose on the gel fraction of P (5)D(2.5) and P (5)D(2.5) C (10%) hydrogels.
Swelling ratio
When a dry hydrogel sample is brought in contact with water, water diffuses in the hydrogel and the hydrogel swells, Fig. 7 . Diffusion involves migration of water into pre-existing or dynamically formed spaces between hydrogel chains. The diffusion of water in the hydrogel has received considerable attention because of important application of hydrogel in biomedical, environment and agriculture field.
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Fig. 3. FT-IR spectra of PD
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Fig. 4. FT-IR spectra of PDC
For P(5)D(2.5) and P(5)D(2.5)C(10%) hydrogels, swelling ratio decreases with the increase of irradiation doses. This might be explained as high dose rates produce densely crosslinked hydrogels which lead to low swelling values. Crosslinking hinders the flexibility of the polymer chain and hence it moderates the penetration of water in to the hydrogel structure [20] . In Fig. 8 , the swelling ratio of hydrogels which are irradiated at 10 kGy show maximum swelling, i.e. 2243% and 2175% for P (5)D(2.5) and P (5)D(2.5) C (10%) hydrogel respectively. After that the swelling ratio of the hydrogels decreased successively at higher radiation doses, for example, P (5)D(2.5)-1655% and P(5)D(2.5) C(10%)-1573% up to 25 kGy.
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Fig. 5. SEM pictures of PDC hydrogel surface
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Fig. 6. Gel fraction of P(5)D(2.5) C(10%) and P(5)D(2.5) hydrogels at radiation doses (5-25) kGy
On comparing of the P(5)D(2.5) C(10%) gels with pure P(5)D(2.5)gels, the gel content of P(5)D(2.5)C(10%)
hydrogels also increased significantly with the increase of radiation doses as expected
Tensile strength
Radiation interacts with polymers in two ways: chain scission, which results in reduced tensile strength and elongation; and crosslinking, which increases tensile strength but reduces elongation. Both reactions can occur simultaneously, but one is generally dominant, depending on specific polymers and additives related. The changes in tensile strength of P(5)D(2.5) and P(5)D(2.5)C(10%) hydrogels with different radiation doses are shown in Fig. 9 . It is apparent from the figure that tensile strength (TS) values of sample P(5)D(2.5) are increased successively from 10 to 20 kGy (i.e. 0.0028 -0.0059 MPa). This may be due to the distortion The high tensile strength of P(5)D(2.5)C(10%) gels is all because of the formation of high crosslinking, upon radiation. In addition, P(5)D(2.5)C(10%) hydrogel exhibited much stronger mechanical properties than P(5)D(2.5) gel even at 10 kGy (e.g. 0.0033 MPa, P(5)D(2.5)C(10%) and 0.0028 MPa, P(5)D(2.5). It is to be noted that at radiation dose 5 kGy tests could not be done as the gel samples were weak to set in machine and tough in handling, moreover, the results more likely to be wrong. It was also not possible to test the P(5)D(2.5) and P(5)D(2.5)C(10%) samples at radiation dose 25 kGy because of their fragility. Swelling ratio %
Elongation break
Elongation at break is an important physical factor of hydrogels representing its flexibility when it is used for wound dressings. Until now, there are no available references related with the standard values of elongation at break for wound dressing. Generally, the more flexible of hydrogels, the more easily to follow the skin surface contour. The measurement of elongation at break of hydrogels conducted in this experiment in order to get a supporting data for specification of products. Fig. 10 illustrates the dependence of elongation at break of P (5)D(2.5) C (10%) hydrogels on the different dose. The original elongation at break of hydrogel is 86% at dose 10 kGy. With the increase of dose, the elongation at break of hydrogel significantly decrease. Fig. 11 shows the effects of irradiation dose and the variation of chitosan amount in hydrogels on gel fraction of PEO-DMA-chitosan hydrogels. Chitosan is a natural polysaccharide, which degrades on irradiation by breakdown of the main chains. However, in the system studied, PEO is the main component that is known polymerizes and crosslink in aqueous medium. When the mixture containing PEO, DMA and chitosan is irradiated an interpenetrating polymer network (IPN) is formed with the chemical crosslinking of PEO, DMA and Chitosan. The gel fraction of the hydrogel increases significantly with the increase concentration of chitosan at the dose 10 kGy. 
Effects of Chitosan Concentration on PDC Gels
Gel fraction
Swelling ratio in distilled water
The equilibrium swelling ratio in pH buffer solutions
As the PDC hydrogels contain functional groups, -C=C-, which can be protonated or ionized at a suitable pH, then variation in the pH of the swelling medium causes an appreciable volume phase transition, which also forms the basis for the swelling dependent pH-sensitive drug delivery system. In this work, the effect of pH on the equilibrium water uptake was investigated for all hydrogel samples, in the swelling media of three pH buffer solutions at room temperature as demonstrated in Fig. 13 As can be seen, the PDC hydrogels exhibited the highest swelling ratios in pH 3.8 medium.
Tensile strength
Mechanical properties of hydrogel can be controlled by various routes, for example, changing the co-monomer structure, increasing or diminishing the crosslinking [21] . One of the most effective methods to improve PEO/DMA gel properties is the combination of PEO/DMA with others. The gels formed by the combination 
Elongation break
Elongation at break is an important physical factor of hydrogels representing its flexibility when it is used for wound dressings. Until now, there are no available references related with the Elongation break % standard values of elongation at break for wound dressing. Generally, the more flexible of hydrogels, the more easily to follow the skin surface contour. The measurement of elongation at break of hydrogels conducted in this experiment in order to get a supporting data for specification of products. Fig. 15 illustrates the dependence of elongation at break of Concentration variation Chitosan in this hydrogel on the 10kGy dose. The maximum elongation at break of hydrogel is 110% at dose 10 kGy Chitosan (1%) hydrogel.
CONCLUSION
Based on the research, PEO-DMA-chitosan hydrogel can be synthesized by gamma irradiation techniques with specific physical properties: Gel fraction (80%) at Chitosan concentration 1%, swelling ratio 4152%, an elongation at break (110%), This method has advantages such as: convenient preparation, possibility of hydrogel formation with a variety of hydrophilic polymers, and not necessary to add any crosslinker. Hydrogel (PEO-DMA) was effectively synthesized by the applications of gamma radiation, excluding any common crossliner.
